Summary A straightforward LC-ESI-MS/MS method was developed and validated for the detection and quantitation of the herbicide glyphosate (GLY) and its metabolite aminomethyl phosphonic acid (AMPA) in honeybees. The method was validated, fulfi lling the SANTE 11945/2015 guideline criteria, demonstrating acceptable mean recoveries at LOQ and 10×LOQ varying from 75-87% for both compounds. LOQ was determined at 0.2 and 0.5 μg/g bee body weight (bw) for GLY and AMPA respectively. Analysis of 14 honeybee samples displayed only one positive sample, containing GLY marginally above LOQ and traces of AMPA.
Introduction
Glyphosate (GLY) is a non-selective herbicide with a broad range of applications against weeds that place it among the most important active substances of plant protection products (PPPs) in the market and the world's top-selling herbicide (Benbrook, 2016) . Its broad use has augmented the interest of research community on its possible impact on non-target organisms such as bees. Although glyphosate exhibits moderate to low toxicity in honeybees (LD 50 ≥1000 μg/g bee bw )(Glyphosate-LD50) its frequent applications should not be underestimated. Therefore, possible sublethal eff ects, and the potential synergistic eff ects of co-present compounds and other factors on bees, such as the parasitic mite Varroa, the microsporidian Nosema apis, or other pollutants, should be considered with caution.
With this in view, fi eld-realistic doses of GLY were implicated in reducing sensitivity to nectar reward, and impair associative learning in honeybees (Herbert et al., 2014) . In addition, sublethal doses of GLY have been reported to impact cognitive abilities of bees, hence their navigation (Balbuena et al., 2015) . Metabolism of GLY in the environmental compartments and in vivo is extensively reported. AMPA is a major metabolite that in the environment is more persistent than GLY (Mamy et al., 2008) .
GLY is a very polar and amphoteric compound, therefore can easily be engaged in hydrophilic or hydrophobic ion pairing reactions in the context of ionic equilibria. If these interactions are not favorable, poor chromatographic performance is anticipated and obtained. Due to glyphosate's chemical structure, its chemical analysis (incorporating its main metabolite AMPA) usually occurs by derivatization using appropriate agents, such as 9-fl uorenylmethyl chloroformate (FMOC-Cl) and subsequent analysis using LC-ESI-MS/MS. The latter has been applied by several researchers with success and is considered as a routine procedure to quantitate GLY and AMPA in several commodities [indicatively see (Hanke et al., 2008; Schrubbers et al., 2016) ]. However, its main downside is that is laborious and time intensive.
One of the fi rst reports on GLY and AMPA direct determination in soybean employed the use of a reversed phase C8 column, using LC-MS/MS (Martins et al., 2009 ). In the same matrix, Chamkasem and Harmon reported GLY and AMPA detection using cation-anion mixed mode chromatographic column (Chamkasem and Harmon, 2016) . Yoshioka et al. (2011) published related analytical work in serum utilizing hydrophilic interaction chromatography (HILIC). Another application of HILIC was reported in rice, maize, and soybean (Botero-Coy et al., 2013) , whereas in plant-derived food similar analytical approach exhibited lowmatrix eff ect (Ding et al., 2016) . Recently, Jensen et al. (2016) published a pioneering analytical method for the direct determination of both molecules in milk and urine using a Cation-H guard column. This method proved suffi cient in determining both analytes with substantial sensitivity in the respective matrices.
In this short communication, and to our knowledge, we present the fi rst report on the direct analysis of glyphosate and AMPA residues in honeybees. Separation of analytes was grounded on the work by Jensen et al. (2016) . Its importance is reinforced by the circumvention of the derivatization step, used in a previous work for bee larvae (Thompson et al., 2014) and the unambiguous prevalence of GLY and AMPA in foraging environments.
Materials and Methods
Certifi ed chemical standards of GLY and AMPA were obtained from Dr Ehrenstorfer (Germany). Standard solutions were prepared in ultrapure water (SG Ultra-pure water system) inside polypropylene volumetric fl asks and kept at 4°C away from light. Acetonitrile and formic acid of LC-MS grade were obtained from Fisher Scientifi c. Bees used as control sample were collected from Agricultural University of Athens experimental apiaries that are not subjected to chemical treatments.
Sample preparation
In 1g of honeybees, water was added (5mL) and homogenized for 5 min (Ultra-Turrax). Consequently, the mixture was magnetically stirred for 1 h, and subjected to ultrasonication for 30 min. Then, the mixture was centrifuged at 4500 rpm for 15 min (10°C), the supernatant was decanted, and 50 μL of buff ering agent (1000mM of NH 4-COOH/HCOOH) were added and the mixture shaken for 10 seconds. Additional centrifugation (same conditions) and fi ltering of the supernatant provided the fi nal extract that was injected into the LC-ESI-MS/MS system.
Chromatographic conditions
Chromatographic separation was performed following the conditions described by Jensen et al. (2016) , incorporating the use of the Bio-Rad Cation-H guard column. The only modifi cation was the addition of formic acid (0.05%) in acetonitrile phase (channel B). Retention times obtained were similar to this publication with AMPA eluting slightly earlier (6.7 min instead of 7.0 min).
Analytical Method Validation
Validation of the analytical method was based on the SANTE guideline (SANTE/11945/2015 (SANTE/11945/ , 2015 . Validation parameters considered were linearity, matrix eff ect, LOQ, specifi city, trueness, precision, and robustness. Linear range varied from 0.1-5 and 0.2-5 μg/mL for GLY and AMPA respectively, containing at least fi ve calibration levels. Up to three MRM transitions were monitored for the active substances (Table 1 and Figure 1a ).
Results and Discussion
Analytical method validation criteria fulfi lled requirements of the SANTE/11945/2015 document. More specifi cally, linearity was acceptable with residuals < ±20% (and correlation coeffi cients values, r 2 =0.996 for both GLY and AMPA). LOQ for GLY and AMPA was established at 0.2 and 0.5 μg/g bee bw , respec-42 tively. Trueness was assessed by the recovery study of both analytes at two concentration levels (LOQ and 10×LOQ), using 5 replicates per level. The results verifi ed suffi cient extraction of analytes from bees (recoveries ranging from 75-87%, for GLY and AMPA at both LOQ and 10×LOQ, RSD% 6-9.2%). Negligible matrix eff ect was evidenced for GLY and AMPA, varying from -1.1 to 1.6% respectively.
Consequently, analysis of 14 honeybees' samples after death incidents (year 2017) using the Cation-H column did not reveal residues of GLY and AMPA above the LOQs, except one sample that contained GLY slightly above LOQ (0.21±0.03 μg/g bee bw ) and traces of AMPA (Figure 1b) . In this context, it should be pointed out that there is room for further improvement of the LOQs of the method. The latter might assist the disclosure of more positive samples if honeybees' colonies are nearby areas growing attractive crops to bees, where applications of GLY have taken place.
Even though fi eld studies have not yet revealed synergistic eff ects of GLY with other classes of pesticides [such as the neonicotinoids, for imidacloprid see (Zhu et al., 2017) ], GLY should be incorporated in monitoring schemes due to its wide and frequent use. The latter is reinforced by the ubiquity of pollutants that can interplay with GLY. In this context, a combination of GLY with cadmium, promoted lipid peroxidation in bees (Jumarie et al., 2017) . Last but not least, Liao et al. (2017) reported that bees display a contradictory preference for fl oral tissues that contain GLY in sugar water at 10ppb. Therefore, GLY is not an obstacle for bees to visit fl oral nectar that contains it. Overall, GLY is an abundant active substance that should be screened and quantifi ed in apiculture commodities. The presented methodology is a step forward in this direction and can be a starting point to build upon incorporating highly polar and cumbersome molecules such as GLY in monitoring schemes.
Conclusions
A direct LC-ESI-MS/MS analytical method was developed and validated for the detection and quantitation of GLY and AMPA in honeybees. The method does not require derivatization of GLY and AMPA and was applied in a limited number of honeybee samples collected after death incidents. In one sample GLY was quantifi ed slightly above LOQ and traces of AMPA were detected. Next steps, including further fostering of sensitivity and the addition of internal standards, are ongoing. *quantitation and confi rmation transitions for both GLY and AMPA are presented
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